Precipitating antibodies to extractable nuclear antigens are important in the diagnosis of connective tissue diseases. Disease associations are defined using gel based techniques. Alternative technologies have been introduced, including passive haemagglutination, enzyme linked immunosorbent assay, and western blotting. This leader contains a review of the literature on the clinical usefulness of these assays, together with knowledge gained from personal experience. Using the example of systemic lupus erythematosus, the sensitivity, specificity, and positive predictive value of the assays for disease is discussed, as is their diVerences in performance. The conclusion drawn is that disease specificity is method dependent. Validation and audit of performance of the method selected by the investigation laboratory is essential. (J Clin Pathol 2001;54:187-190) 
Precipitating antibodies to extractable nuclear antigens (ENA) have been widely used as diagnostic tools in connective tissue disease since their discovery over four decades ago. 1 The early work 2 3 relied on immunoprecipitation techniques (double diVusion or counter current immunoelectrophoresis (CIE)). The disease associations we understand today were originally defined using these gel based techniques. 4 For example, the specificity of anti-Sm antibodies for systemic lupus erythematosus (SLE) in CIE is very high and as a result the presence of anti-Sm is one of the American Rheumatism Association (ARA) diagnostic criteria for SLE. 5 When viewing the data given below it is important to note the distinction between the ability of the test to detect the antibody when present (the assay sensitivity) and the frequency with which the antibody occurs in a given disease (disease sensitivity). Gel precipitation assays have some limitations (see below). Therefore, several other approaches have been explored, with the aim of increasing assay sensitivity but without a loss of disease specificity. Passive haemagglutination, enzyme linked immunosorbent assay (ELISA), and western blotting (WB) have all been advocated as alternative methods for use in diagnostic laboratories. Here, we review the literature on the clinical usefulness of these assays, together with our own experience.
Gel precipitation assays
Gel precipitation remains the reference method 6 and, even now, the major specificities are still defined using reference precipitating antibodies from the Centres for Disease Control (CDC). They are not quantitative and disease sensitivity is poor. For example, only 8-40% of patients with SLE have detectable anti-Sm by these methods. CIE has been shown in several studies to be more sensitive than double diVusion. 7 It should be noted that some of this variation in disease sensitivity is determined by ethnic origin, with a higher incidence of anti-Sm seen in American blacks with SLE than in whites. 8 9 Passive haemagglutination There have been comparatively few studies using passive haemagglutination.
10-12 Analysis appears to have been restricted to anti-Sm and anti-ribonuclear protein (RNP) antibodies. Although assay sensitivity is high, some problems with specificity, in particular with diVerentiating anti-Sm from anti-U1-RNP, have been described. 11 In contrast, Hamburger and colleagues 13 found anti-Sm to be 100% specific for SLE. The method was quite popular in the late 1970s but has since been superseded by ELISA.
Enzyme linked immunosorbent assay
Many ELISA systems have been developed [14] [15] [16] and several are commercially available. These assays have some practical advantages. They are simple to perform, quantitative, and oVer high throughput volume. ELISA is becoming the most widely used method, with over 50% of laboratories registered with the UK National External Quality Assessment Schemes (UK NEQAS) using ELISA alone as the method of analysis. In addition, many laboratories use ELISA in combination with other tests. A large number of diVerent ELISA methods are available with 21 manufacturers being represented in UK NEQAS.
In reviewing the literature, the poorer nature of some of the historical data should be noted. There are, however, some important illustrative points. Although assay sensitivity is often increased this can be at the cost of decreased disease specificity 17 and it may be that these assays are too sensitive for routine analysis. Because of its inclusion in the ARA diagnostic criteria, it is of particular concern that anti-Sm antibodies have been reported in patients without SLE. 5 The positive predictive value for SLE of anti-Sm was only 51% in one early study.
antigen source used (partially purified, purified, or recombinant). Although the second multicentre European study showed that ELISA methods are improving, 7 the recent study of Bizzaro et al suggests that the problem of false positive results in ELISA is still widespread. 18 This is further highlighted by the suggestion in an older study that many paraproteins also have anti-Sm activity, 19 although again this is disputed. 20 In the first multicentre European study 21 many in house ELISAs performed badly. This was attributed to the inadequate purification of antigen and poor choice of blocking reagents and conjugates. ELISA may miss anti-Ro (table 1) , even when using the prototype CDC reference sera. This is probably a result of the vigorous antigen preparation methods. It has been shown that some sera react only with conformational antigens 22 23 and perhaps these can also be missed by ELISA. In addition, it has been shown that some sera contain antibodies that are species specific and react only with human Ro, 24 but this would aVect all detection methods.
The introduction of ELISA "screening assays" has been popular but has its drawbacks. Multiple antigens are coated on to microtitre plates, usually a combination of Ro, La, Sm, and U1-RNP, with many also including Jo-1 and Scl70. We and others 25 have found that these are not always optimised (table 2). In the analysis of normal control sera 11 of 100 blood donors were positive by screening ELISA-1. However, these were all admittedly shown to be negative for anti-Ro, anti-La, anti-Sm, and anti-U1-RNP, both in CIE and by specific ELISAs. False positive initial screening raises the spectre of autoimmune disease in an otherwise healthy individual and the risk of over investigation. Unnecessary typing (subsequently negative) and repeat analyses are also time consuming and costly. We do not wish to suggest that all screening ELISAs are problematical, but would emphasise that problems can occur and that laboratories need to undertake local evaluations to ensure quality.
Western blotting
Immunoblotting was introduced in the 1980s and has been useful in refining our understanding of the spectrum of anti-ENA, in particular, the dissection of anti-Ro reactivity 26 into 60 kDa and 52 kDa subsets (indistinguishable by immunoprecipitation). Again, a major disadvantage with this technique is that antibodies directed against conformational epitopes are not detected. 22 In several studies, immunoblotting was found to be particularly insensitive for anti-Ro. 7 21 27 28 This apparent paradox is explained by the fact that the higher resolution seen in WB detects only linear epitopes, whereas some 15% of anti-Ro antibodies react only with conformational epitopes not detectable in WB. In the European studies, 7 21 a major problem was found to be the use of nuclear extracts from which Ro leaches easily. Furthermore, Ro was considered a poor "blotter". Commercial versions are available where pre-run and blotted strips are used. These are considerably easier to perform than in house assays but the sensitivity to anti-Ro is still questionable. In our hands, we found the CDC prototype anti-Ro serum to be unreactive (table 1) . This mirrors the experience of the ANA subcommittee of the standardisation committee of the International Union of Immunological Societies. 29 In addition, a recent study has suggested that immunoblotting is inadequate for anti-Scl70, with an assay sensitivity of only 25%. 18 Lerma et al identified a problem with the under detection of U1-RNP. 28 This was confirmed in our own hands where a commercial WB assay detected only 21 of 28 sera containing anti-RNP antibodies, which could be detected by both CIE and ELISA. Again, disease specificity is poor and in studies on normal populations false positives are not infrequent. De Vlam et al found 18 of 485 healthy blood donors positive and we found seven of 60 normal pregnant women positive (table 2) . 30 More recently, dot blot methods have been introduced, 31 which oVer the possibility of better antigen integrity. Commercial versions are available, but we have no experience of these. Table 3 summarises the advantages and disadvantages of the various assays discussed above. In table 4 we have analysed those few studies that are both suYciently large and suYciently detailed to oVer data for the derivation of disease sensitivity, disease specificity, and positive predictive value (PPV) of anti-ENA in the context of SLE (our own data are not included). These confirm the low disease sensitivity and high specificity of gel diVusion techniques for a diagnosis of SLE. In house ELISAs are very variable in their performance and the low PPV seen in some for anti-Sm is worrying. A few studies using commercial ELISAs have been published and these appear to be more reliable than in house versions. 
Which is the best method?

Antigen source
Laboratory workers need to be aware of the advantages and disadvantages of the available materials. Foremost is the need for a good antigen source. Some commercial preparations might lack suYcient amounts of important antigens. 37 For diVusion techniques the most frequently quoted antigen sources are calf thymus, rabbit thymus, rabbit spleen, and human spleen. Human spleen is reputed to be a better source of Ro antigen than the alternatives. However, clinical governance concerns are expected to limit the availability of human material. Our own practice is to use commercial acetone powders of calf and rabbit thymus (Biogenesis), with the former proving to be an adequate source of Ro. ELISAs can use either purified or recombinant antigens. The former might suVer from degradation in preparation, whereas the latter still have some problems with respect to the detection of anti-Ro and anti-U1-RNP. 28 As discussed above, antibody binding to some epitopes, particularly for Ro, appears to be highly dependent on conformation.
Discussion
Availability and technical simplicity have made ELISA products popular (an "oV the shelf " culture). However, we suspect that in many cases this has been undertaken without a full appreciation of the diVerences in disease sensitivity and disease specificity and without informing the relevant users, largely rheumatologists. Although understandable, this might provide a disservice to the clinician who is used to the old disease associations. It is crucial to ensure that the laboratory and the clinician are both tuned in to the same assay.
It must be appreciated that ELISA and immunoblotting techniques are more likely to detect low aYnity antibodies than the gel diVusion methods. The clinical relevance of these is incompletely understood. In view of the problems with anti-Ro detection in immunoblotting this should not be used alone. ELISAs too have some potential problems in that the purification procedures for the antigens might be very vigorous and potentially denaturing. Hence, ELISAs might also be unreliable in detecting certain conformational epitopes. The diVerent systems (gel precipitation, ELISA, and WB) thus detect diVerent, overlapping subsets of the antibodies available in a given serum. This being so, the disease associations found by one method might not be corroborated by another, leading to the conclusion that disease specificity is method dependent.
Recommendations
The European study 21 recommends that, if possible, two diVerent methods should be used to assign specificity to a serum. Unfortunately, this commendable idea is unlikely to be widely applied owing to financial and manpower restraints.
To select the most reliable and cost eVective assay(s) from those available is a daunting task. The aim is technical reliability (a reproducible assay) with the best disease sensitivity and specificity. It is a mistake to rely on secondary information, including the manufacturer's own data. It is therefore the responsibility of the investigating laboratory to verify the specificity and sensitivity of the method it selects for local use. To this end, the use of standard reference sera (CDC or WHO, Dutch Red Cross) to validate assays is mandatory. Finally, it is crucial to inform users of any change in service provision and to audit those changes in a prospective study.
